We examined the spatiotemporal characteristics of metacontrast using sinusoidal grating stimuli as the target and mask for quantitative comparison with the functional properties of the visual cortex. The magnitude of metacontrast effects depended on the stimulus features such as the orientation and spatial frequency of the target and mask. The characteristics of metacontrast dynamically changed depending on the stimulus onset asynchrony (SOA). At short SOAs (0 to $40 ms), metacontrast exhibited a high stimulus feature specificity and a low contrast sensitivity, whereas at long SOAs ($40 to 80 ms), metacontrast exhibited a low stimulus feature specificity and a high contrast sensitivity. We suggest that metacontrast is explained by the interaction between two parallel visual pathways: one with a low contrast sensitivity and a high feature specificity, and the other with a high contrast sensitivity and a low feature specificity.
Introduction
Perceptual illusions reflect the brain strategies of visual information processing, which is optimized to achieve efficient and behaviorally appropriate representation of the visual world. Metacontrast is one of the illusions in which the visibility of a briefly presented stimulus, the target, is reduced by another brief stimulus, the mask, presented at the surround of the target. Metacontrast shows an intriguing temporal characteristic, namely, that target visibility is reduced when a mask is presented simultaneously with or slightly after the target presentation (Alpern, 1952) . Therefore, metacontrast is termed visual backward masking. A leading theory concerning metacontrast focuses on the inhibitory interaction between two visual pathways that respond to stimulation in either a transient or sustained manner (Breitmeyer, 1984; Breitmeyer & Ogmen, 2000) . According to the model by Ogmen (1993) , two separate visual subsystems that exhibit different tuning characteristics to spatial/temporal frequencies, that is, the transient and sustained pathways, are involved in metacontrast, and the sustained responses to the target are suppressed by the transient responses to the mask. The transient and sustained systems are homologous to the magno-and parvocellular pathways of the monkey visual system (Ogmen, Breitmeyer, & Melvin, 2003) .
Some previous studies addressed the spatial and temporal characteristics of the suppressive effects of the mask (Alpern, 1952; Kolers, 1962; Kolers & Rosner, 1960; Rogowitz, 1983; Schiller, 1965 Schiller, , 1968 Williams, Breitmeyer, Lovegrove, & Gutierrez, 1991) . There are, however, few studies that have examined the effects of the mask by quantitatively and systematically changing the relationship between the stimulus parameters of the target and mask. To assess the mechanisms underlying metacontrast, it is crucial to quantitatively evaluate the spatiotemporal properties of metacontrast.
In the present study, we used a circular sinusoidal grating patch for the target and sinusoidal grating annulus for the mask, and tested metacontrast by systematically changing the orientation, spatial frequency (SF), and contrast of the mask. Surprisingly, the strength and temporal tuning of metacontrast were clearly dependent on the relationship between the stimulus parameters of the target and mask. We will discuss the possible neural mechanism of metacontrast.
Methods

Subjects
Five observers, the author (A.I.) and four others, who were naïve to the purposes of the experiments, served as subjects of the present study. The subjects' ages ranged from 20 to 23. All had normal or correctedto-normal visual acuity. All procedures and protocol were approved by the Committee for the Protection of Human Subjects of the School of Health and Sport Sciences, Osaka University, and informed consent regarding the aim of the experimental procedures of the present study was obtained in writing from all the subjects.
Apparatus and stimuli
Visual stimuli were generated using a visual stimulation system VSG 2/ 3 (Cambridge Research System, England) controlled by an IBM-PC/ATcompatible computer and displayed on a CRT display (EIZO; Nanao, Japan; resolution, 1024 · 768 pixels; refresh rate, 100 Hz; mean background luminance, 30 cd/m 2 ; screen size, 22.5 · 30°at a viewing distance of 57 cm). The stimulus consisted of a circular sinusoidal grating (target) of 2.3°diameter and a concentric sinusoidal grating annulus (mask) surrounding the target. The inner and outer diameters of the mask were 3°a nd 4.7°, respectively (Fig. 1) . Stimulus contrast was defined as
where L max and L min , respectively, indicate the maximum and minimum luminances of the stimulus.
Procedure
All experiments were conducted in a room illuminated at a photopic level by overhead fluorescent lights. The subjects' eyes were adapted to this luminance level for 5 min. Before each experiment, the subject performed a block of practice trials in which the targets were presented to ensure that the subject could detect the targets. The stimulus sequence is shown in Fig. 1 . A button press by the subject, whose head movements were restricted by a chin rest, initiated each trial. First, a fixation cross appeared at the center of the monitor. Then, after a delay of 1 s, the stimuli were presented randomly at one of two locations, either 6.5°left or 6.5°right of the fixation cross, with varying stimulus onset asynchrony (SOA).
The duration of the target and mask presentation was 50 ms, and SOA was varied from À80 to +160 ms. The minus sign of SOA indicates that the mask appears first, followed by the target (paracontrast), and the plus sign indicates that the target appears first, followed by the mask (metacontrast). After the fixation cross and the stimuli disappeared, the subjects had to answer, using their psychophysical judgment, whether or not the target was visible by pressing a button. No feedback was provided. Half of the trials were catch trials to estimate the response biases of individual subjects, in which only the mask was presented. To prevent fatigue and visual adaptation, the subjects took a brief rest at least three times during a session of 90 min. Each stimulus condition consisted of a combination of SOA and a stimulus parameter, and 30 trials were conducted for each subject to obtain data. The stimulus condition was randomly changed from trial to trial.
Experiments
The experiments were designed to test the effects of changing the grating parameters, that is, orientation, SF, and luminance contrast. In all the experiments, the target was a circular sinusoidal grating with a vertical orientation, an SF of 2 c/deg and a contrast of 30%. In Experiment 1, we tested the orientation dependency of metacontrast by varying the mask orientation, while keeping the contrast and SF of the mask fixed at 100% and 2 c/deg, respectively. In Experiment 2, we tested the SF dependency by varying the mask SF, while keeping the mask orientation and contrast fixed at vertical and 100%, respectively. In Experiment 3, we Fig. 1 . Stimulus sequence. First, the fixation cross appeared at the center of the monitor. After a delay of 1 s, the stimuli were presented with varying SOA (À80 to 160 ms). The target was a circular grating 2.3°in diameter, and the mask was an annular grating with 3°and 4.7°inner and outer diameters, respectively. The target and mask were randomly presented in either the right or left visual field at a distance of 6.5°from the fixation cross. tested the contrast dependency by varying the mask contrast, while keeping the mask orientation and SF fixed at vertical and 2 c/deg, respectively. To check for a possible contamination of the results due to eye movement, the gaze direction and eye motion of the subjects were monitored with an eye-mark recorder (EMR-8, NAC Image Technology, Japan) during the experiments.
Data analysis
The masking effect was calculated as ''100Àaccuracy (%)'' from the trials in which the target was presented. To quantify the tuning properties of metacontrast to grating parameters, the tuning data were fitted using the following functions for each parameter.
Orientation tuning
We fitted a Gaussian function to the tuning data to the orientation difference between the target and mask. The equation for the Gaussian function is
where M denotes the masking effect and OD denotes the orientation difference. K and r are the amplitude and width of the Gaussian function, and l is the orientation that evokes the maximal masking effect. M base is the baseline of the curve. M base , K, l, and r were optimized to provide the least-squares error of fit to the data. On the basis of the fitted curve, we determined the peak of the curve and the bandwidth of the orientation-tuning curve as a full width of the fitted Gaussian function at half-height.
SF tuning
We fitted a difference of Gaussian (DOG) function to minimize the square error between the DOG curve and the obtained data for each SF of the mask (Xing, Ringach, Shapley, & Hawken, 2004) . The fitted function is described as
where SF denotes the spatial frequency, and K a and K b are the integrated weights of the two Gaussian functions, and l and r are the mean and width of the Gaussian function, respectively. M base is the baseline of the curve. M base , K a , K b , l a , l b , r a , and r b , are all free parameters. On the basis of the fitted curve, we estimated the peak of the curve (peak SF) and SF tuning bandwidth. The bandwidth was calculated as
where SF high and SF low denote the SFs that produce 50% of the peak SF on either side of the peak.
Contrast tuning
The Naka-Rushton equation was used to fit the masking effect as a function of contrast.
Here, Cst denotes the mask contrast and M max the amplitude of scaling factor. The Cst 50 is the medium value of M max . M max , Cst 50 , and n were optimized to provide the least-squares error of fit to the data.
Results
Experiment 1: Orientation dependency
We first asked how the masking effect depends on the orientation difference between the target and mask (Fig. 2) . In Fig. 2A , the accuracy of detecting the target, which is averaged across five subjects, is plotted as a function of SOA. In this test, we used two mask orientations that were identical to (iso-orientation) and orthogonal to (cross-orientation) that of the target. Since the false-positive responses to catch trials were rarely observed regardless of mask parameters (iso-orientation, 1.08% ± 1.54%; cross-orientation, 0.925% ± 1.24% (mean ± SD), n = 5), no correction was applied to the obtained data. Three important points emerged from this experiment. First, both masks yielded U-shaped masking functions with a trough bottom at 40-60 ms of SOA, that is, a typical type B metacontrast function (Kolers, 1962) . Second, the masking effect was stronger for the iso-orientated mask than for the cross-oriented one at any SOAs. Third, the onset and effective range of SOA for masking were noticeably influenced by the mask orientation. The masking effect induced by the cross-oriented mask was observed in a narrow range of SOAs from 50 to 120 ms, whereas the iso-oriented mask was effective in a wide range from 0 to 120 ms. To further examine the tuning property of the masking effects to the orientation difference between the target and mask, we changed the mask orientation from 0 to 180°in 10°steps at SOAs of 0, 40, 60, and 80 ms, then calculated the ''masking effect'' as ''100Àaccuracy (%)''. Fig. 2B shows the tuning curves of the masking effect to the orientation difference between the target and mask at four SOAs (0, 40, 60, and 80 ms). It is clearly demonstrated that, at all SOAs, the masking effect is maximal at orientation difference of zero and monotonically decreases as the orientation difference increases.
To compare the sharpness of the orientation-tuning curves, we normalized individual curves to the maximal masking effect (Fig. 2C ). Here, it should be noted that the orientation-tuning curves became broader with an increase in SOA. To quantify the sharpness of the orientation tuning, we calculated the bandwidth at the half-height of the tuning curves for each SOA. The bandwidths were 29°± 13°, 61°± 14°, 89°± 33°, and 149°± 107°( mean ± SD) for SOAs of 0, 40, 60, and 80 ms, respectively, and significant differences were observed among the SOAs, except for SOA of 0 vs. 40 ms (p < 0.05; one-way ANOVA followed by Fisher's LSD post hoc test).
These results suggest that the masking effect consists of at least two components of the visual processing system with different temporal and orientation-tuning characteristics. As the masking effect of the cross-oriented mask peaked at longer SOAs (40-80 ms, Fig. 2A ) than that of iso-orientation, and the masking effect became less orientation-tuned with an increase in SOA (Fig. 2C) , there seems to be a fast-conducting and less orientation-tuned pathway underlying metacontrast at long SOAs. The masking effect induced by short SOAs exhibited a sharp orientation tuning (Fig. 2C) , suggesting an involvement of a slow-conducting and orientation-specific pathway.
Experiment 2: SF dependency
To examine how the masking effect depends on the SF of the mask, the detectability of a target with an SF of 2 c/deg was measured in the presence of the mask with three different SFs, that is, 0.4, 2, and 6 c/deg (Fig. 3) . The accuracy of target detection averaged across the five observers is shown in Fig. 3A . The false-positive responses to the catch trials were negligible (0.91% ± 1.14%, 1.08% ± 1.54% and 0.63% ± 0.36% (mean ± SD) for mask SFs of 0.4, 2, and 6 c/deg, n = 5). The result showed that the masking effect is strong at all SOAs when the mask SF is the same as the target SF (2 c/deg). The masks with SFs different from that of the target induced effects only at SOAs longer than 40 ms. These results indicate two things: First, the magnitude of the masking effect depends on the similarity of SFs between the target and the mask. Second, SF selectivity varies with SOA.
To examine SF selectivity in relation to SOA in detail, we tested the effects of twelve SFs of the mask grating: 0.2, 0.4, 0.8, 1, 1.5, 2, 2.5, 3, 4, 5, 6, and 8 c/deg (Figs. 3B and C). The SF tuning became broader with an increase in SOA. The bandwidths were 1.41 ± 0.63, 2.1 ± 0.47, 2.45 ± 0.82, and 3.97 ± 1.2 (mean ± SD) for SOAs of 0, 40, 60, and 80 ms, respectively. Significant differences were observed among the SOAs (p < 0.05; one-way ANOVA followed by Fisher's LSD post hoc test). Similarly to those of the orientation dependency experiment (Experiment 1), these results suggest that the fast-conducting pathway underlying metacontrast at long SOAs is broadly SF-tuned; in contrast, the slow-conducting pathway underlying metacontrast at short SOAs is sharply SFtuned. Another intriguing observation is the shift in the peak SFs that evoked the maximal masking effect. As shown in Figs. 3B and C, the peak SF decreased from high to low as SOA increased. Significant differences were observed among the SOAs except for SOA of 40 vs. 80 ms (p < 0.05; one-way ANOVA followed by Fisher's LSD post hoc test). The peak SFs were 2.6 ± 0.23, 2.49 ± 0.36, 1.98 ± 0.78, 1.49 ± 0.58 c/deg (mean ± SD) for SOAs of 0, 40, 60, and 80 ms, respectively. Thus, the slow-conducting pathway contributing to metacontrast at short SOAs is not only sharply SF-tuned but also relatively more sensitive to higher SFs (>1 c/deg), and the fastconducting pathway at long SOAs is broadly SF-tuned and more sensitive to lower SFs (<1 c/deg).
Experiment 3: Contrast dependency
In this section, we describe the dependency of the masking effect on mask contrast. In Experiment 3, we changed mask contrast, while we fixed other parameters of the target and mask at a vertical orientation and an SF of 2 c/deg. The target contrast was 30%. First, we measured the accuracy of the target detection when the mask and target had the same orientation and SF at three mask contrast, namely, 30%, 60%, and 100% (Fig. 4A) . False-positive responses to the catch trials were rarely observed regardless of the mask contrast (contrast 30%, 3.05% ± 3.73%; 60%, 2.05% ± 2.98%; 100%, 1.08% ± 1.54% (mean ± SD), n = 5). The magnitude of the masking effect increased as the mask contrast increased, and the difference in the strength of the masking effect was more prominent at short SOAs (0-20 ms) than that at long SOAs (40-80 ms). Next, we altered the mask contrast from 20% to 100% in 10% steps at SOAs of 0, 40, 60, and 80 ms (Fig. 4B ). The contrast masking curves obtained for each SOA exhibited distinctive features. At 0 ms of SOA (Fig. 4B-1) , the contrast function of the masking effect showed a high contrast threshold, and at a contrast higher than 50%, it increased monotonically without saturation. However, at an SOA of 80 ms (Fig. 4B-4) , the contrast function showed a low contrast threshold, and it was saturated at contrasts higher than 50%. Regarding the curves at SOAs of 40 and 60 ms that elicited the strongest masking effects, they exhibited profiles resembling the summation of the two curves for SOAs of 0 and 80 ms. These results again suggest that there are slow-and fast-conducting pathways underlying metacontrast. Slow metacontrast exhibits a low contrast sensitivity, a high orientation specificity and a high SF specificity, whereas fast metacontrast exhibits a high contrast sensitivity, a low orientation specificity and a low SF specificity.
Eye movements
To examine the possible involvement of eye movement in our results, we monitored the eye positions of three subjects using an eye-mark recorder. We recorded the eye positions under the conditions in which the mask was iso-and cross-oriented at SOAs of 0, 40, and 80 ms (Experiment 1). The subjects performed 30 trials under one condition. There was no consistent eye movement due to the appearance of stimuli under any stimulus conditions. The difference in the average eye position between 100 ms before and after the onset of the first stimulus was 0.18°± 0.11°. There was no significant difference between iso-and cross-orientation conditions (p = 0.63, paired t test) or among different SOA conditions (p = 0.61, one-way ANOVA). Therefore, eye movement explained neither the metacontrast effect nor its dependency on the stimulus feature of the mask.
Discussion
We examined the spatiotemporal characteristics of metacontrast using sinusoidal grating stimuli as the target and mask to quantitatively test the dependency of the masking effects on the stimulus features. We found three important properties of metacontrast. First, the magnitude of metacontrast was strongly dependent on the similarity of stimulus parameters, such as orientation and SF, between the target and mask (Figs. 2 and 3) , which is in agreement with the results of previous studies (Rogowitz, 1983; Werner, 1935) . Essentially, a strong masking effect was induced when the orientation and SF of the mask were identical to those of the target. This relationship of orientation selectivity was invariant with SOA. On the other hand, the most effective mask SF shifted from high (2.60 c/deg) to low (1.49 c/deg) as SOA increased from 0 to 80 ms (Figs. 3B and C). Second, the masking effect at long SOAs was broadly tuned to the orientation/SF difference between the target and mask stimuli, whereas that at short SOAs was narrowly tuned (Figs. 2 and 3) . Third, the masking effect at long SOAs exhibited a high contrast sensitivity, whereas that at short SOAs exhibited a low contrast sensitivity, which is in agreement with Brietmeyer's previous observation (1981) that mask energy inducing the masking effect is lower under the conditions of long SOAs than under those of short SOAs. Taken together, these results suggest that there are distinct mechanisms with different spatiotemporal properties in the visual pathway underlying metacontrast; namely, the fast-conducting, less stimulusspecific and more contrast-sensitive mechanism contributes to metacontrast at long SOAs, and the slow-conducting, more stimulus-specific and less contrast-sensitive mechanism contributes to that at short SOAs.
A general hypothesis on the underlying mechanism of metacontrast is that a mask-evoked neural response suppresses the response to a target, which reduces the perception of the target and raises its detection threshold. Our results suggest the existence of multiple components in the mask-induced neural response. Breitmeyer and Ogmen (2000) explained metacontrast as an inhibitory interaction between two parallel pathways in the early visual system, namely, a faster magnocellular channel that generates a fast and transient response, and a slower parvocellular channel that generates a slow and sustained response (Merigan & Maunsell, 1993) . According to their model, the target-induced slow and sustained response is suppressed by the mask-induced fast and transient response underlying metacontrast (interchannel interaction). On the other hand, when the target and mask are presented simultaneously, the target-induced fast and slow components of the response are suppressed by the corresponding component of the mask response (intrachannel interaction). If the metacontrast evoked in the present study is consistent with their hypothesis, the physiological correlates of the magno-and parvocellular systems should be reflected in the psychophysical properties of metacontrast. Therefore, we made a detailed comparison between our psychophysical evidence and previously known physiological evidence including the spatiotemporal properties of receptive fields (RFs), such as summation area (RF size), stimulus feature selectivity, and center-surround interaction, along the hierarchy of information processing streams in order to investigate the locus and the circuitry underlying metacontrast.
The response of a neuron in the primary visual cortex (V1) to visual stimulation of its classical receptive field (CRF) is suppressed by a second stimulus concurrently presented in the receptive field surround (SRF) (Akasaki, Sato, Yoshimura, Ozeki, & Shimegi, 2002; Blakemore & Tobin, 1972; DeAngelis, Freeman, & Ohzawa, 1994; Jones, Grieve, Wang, & Sillito, 2001; Knierim & Van Essen, 1992; Li & Li, 1994; Nelson & Frost, 1978; Ozeki et al., 2004; Sceniak, Ringach, Hawken, & Shapley, 1999; Sengpiel, Sen, & Blakemore, 1997; Walker, Ohzawa, & Freeman, 1999 . This so-called contextual response modulation is a possible mechanism underlying metacontrast because of the similarity of properties between these two phenomena. First, metacontrast at short SOAs exhibits orientation specificity, which emerges at V1 but is obscure at subcortical levels, and contextual modulation also exhibits tuning to the orientation contrast between CRF and SRF stimuli (Akasaki et al., 2002; DeAngelis et al., 1994; Li & Li, 1994; Ozeki et al., 2004) . Second, the effect of metacontrast is maximal when the target and mask stimuli have the same orientation and SF, which is also true in physiological contextual modulation in V1 (Akasaki et al., 2002; DeAngelis et al., 1994; Knierim & Van Essen, 1992; Li & Li, 1994; Ozeki et al., 2004) . Human brain imaging studies using functional magnetic resonance imaging (fMRI) (Williams, Singh, & Smith, 2003; Zenger-Landolt & Heeger, 2003) and magnetoencephalography (Ohtani, Okamura, Yoshida, Toyama, & Ejima, 2002) in the visual cortex demonstrated that stimuli with center-surround configurations similar to those used in the present study suppress the center signals depending on the proximity of the stimulus features between the center and surround stimuli. A recent study has reported a good quantitative agreement between psychophysical responses and fMRI BOLD signals of V1 comparing with other visual areas such as V2 and V3 (Zenger-Landolt & Heeger, 2003) . Third, the bandwidths of orientation and SF-tuning curves of metacontrast (SOA0; orientation 29°± 13°, SF, 1.41 ± 0.63 octave) are equivalent to those of V1 neurons of primates (De Valois, Albrecht, & Thorell, 1982; De Valois, Yund, & Hepler, 1982; Ringach, Shapley, & Hawken, 2002) . Thus, V1 is a likely candidate locus of metacontrast (Macknik & Livingstone, 1998) , although there is a study that failed to provide evidence of metacontrast effects in responses of single cells in monkey V1 and V2 (von der Heydt et al., 1997) .
Next, we discuss the spatiotemporal properties of metacontrast in relation to the magno-and parvocellular systems. Our results suggest that there are, at least, two distinct components of the mask, that is, the fast-conducting, less stimulus-specific and more contrast-sensitive mechanism for longer SOAs, and the slow-conducting, more stimulus-specific and less contrast-sensitive mechanism for shorter SOAs. These components of the masking effects with different time courses and stimulus specificities are attributable to the interaction either between the magno-and parvocellular pathways or between the phasic and sustained components of the neuronal response in the early visual system. A fast conductivity, relative effectiveness at lower SFs (Figs. 3B and C) and a high contrast sensitivity (Figs. 4B and C) are consistent with the properties of the magnocellular system, whereas a slow conductivity, effectiveness at higher SF (Figs. 3B and C) and a low contrast sensitivity (Figs. 4B and C) of the slow masking are consistent with those of the parvocellular system (Derrington & Lennie, 1984; Livingstone & Hubel, 1988; Merigan, Byrne, & Maunsell, 1991; Merigan, Katz, & Maunsell, 1991b; Nowak, Munk, Girard, & Bullier, 1995; Sclar, Maunsell, & Lennie, 1990; Usrey & Reid, 2000; Winterkorn, Shapley, & Kaplan, 1981; Xu, Ichida, Allison, Boyd, & Bonds, 2001) . Thus, our results support the idea of the different contributions of the magno-and parvocellular pathways to metacontrast with different temporal properties. Rogowitz (1983) argued that the mechanism underlying masking is an interchannel interaction, not intrachannel one, and the temporally nonoverlapping fast and slow components of a mask-induced response contribute to backward and forward masking, respectively. This hypothesis is based on the observation of little masking at an SOA of 0 ms when the intrachannel interaction was expected to be maximized, even though both the backward and forward maskings were clearly observed for positive and negative SOAs, respectively. In contrast, our results demonstrated that both the fast and slow components of mask-induced response with different spatiotemporal properties can contribute to the backward masking. The SOA-masking relationship exhibited a U-shaped backward masking function with a single trough, and the spatial properties such as stimulus feature selectivity and contrast sensitivity varied continuously with change in SOA. These results suggest that the backward masking is evoked by temporally overlapping two distinct components of a mask-induced response via intraas well as interchannel interactions. Maunsell and Gibson (1992) suggested that both magno-and parvocellular inputs converge onto single V1 neurons, and that the visual responses of V1 neurons have mixed magno-and parvocellular components to a varying extent. There is evidence that the orientation tuning of V1 neurons develops with time after the onset of a response in both monkeys (Ringach, Hawken, & Shapley, 1997) and cats (Pei, Vidyasagar, Volgushev, & Creutzfeldt, 1994) . It has also been reported that SF tuning of V1 neurons in cats (Frazor, Albrecht, Geisler, & Crane, 2004; Mazer, Vinje, McDermott, Schiller, & Gallant, 2002) and monkeys (Bredfeldt & Ringach, 2002; Frazor et al., 2004) varies with time and the peak SF shifts from low to high along the time course of responses. Therefore, it is possible that the early component of neural responses predominantly contributes to fast metacontrast and the late component of neural responses contributes to slow metacontrast.
There is evidence that feedback inputs to V1 from higher order visual areas, such as MT, act on V1 neurons from the beginning of the V1 responses to flashing or moving visual stimulus (Hupe et al., 2001) , and this feedback seems to play a role in perceptual figure/ground segregation (Hupe et al., 1998) . Therefore, it is possible that not only the bottom-up input but also the top-down one is involved in fast and slow metacontrasts. Further studies, in both humans and animals, are necessary to unmask the differential contribution of visual pathways to metacontrast with different time courses and stimulus specificities.
